Tree Damage From Hurricane Matthew Affecting Forest Dynamics in Congaree National Forest by Lentz, Connor
University of South Carolina
Scholar Commons
Senior Theses Honors College
5-5-2017
Tree Damage From Hurricane Matthew Affecting
Forest Dynamics in Congaree National Forest
Connor Lentz
Follow this and additional works at: https://scholarcommons.sc.edu/senior_theses
Part of the Biology Commons, and the Forest Sciences Commons
This Thesis is brought to you by the Honors College at Scholar Commons. It has been accepted for inclusion in Senior Theses by an authorized
administrator of Scholar Commons. For more information, please contact dillarda@mailbox.sc.edu.
Recommended Citation
Lentz, Connor, "Tree Damage From Hurricane Matthew Affecting Forest Dynamics in Congaree National Forest" (2017). Senior
Theses. 182.
https://scholarcommons.sc.edu/senior_theses/182
 TREE DAMAGE FROM HURRICANE MATTHEW AFFECTING FOREST 
DYNAMICS IN CONGAREE NATIONAL FOREST 
  
Connor Lentz 
  
  
  
  
  
Submitted in Partial Fulfillment 
of the Requirements for 
Graduation with Honors from the 
South Carolina Honors College 
  
  
  
  
May, 2017 
  
  
 
 
 
Approved: 
 
 
  
  
April South 
Director of Thesis 
  
  
 
  
Jessica Sutton 
Second Reader 
  
  
 
  
Steve Lynn, Dean For South Carolina Honors College 
1 
ABSTRACT 
The Congaree National Forest serves as an ecological model for bottomland-hardwood 
forests.  Hurricanes periodically strike the Southeast United States, with high-wind 
speeds causing damage affecting the Congaree National Forest and modifying forest 
dynamics. This has been well-studied from the effects of Hurricane Hugo in September 
1989 (Sharitz et al. 1993).  In October 2016, Hurricane Matthew, a category 5 storm, 
made landfall in the Southeastern United States, and eventually moved through the 
Congaree National Forest.  The high winds and precipitation caused widespread tree 
damage throughout Congaree.  This study used a belt-transect survey of 14.7km of 
trails throughout the park to record the extent of tree damage.  The survey found n=186 
downed trees >10cm in diameter.  These downed trees affect the forest dynamics by 
allowing ecological succession of fungi, bacteria, xylophages, other animals, and shade 
intolerant species of trees.  Wind damage may increase species diversity and richness 
(Zhao et al. 2006).  The long-term effects of Hurricane Matthew are expected to be 
similar to the effects produced from Hurricane Hugo. 
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INTRODUCTION 
The Congaree National Forest is the largest tract of old-growth bottomland hardwood 
forest in the United States, and it serves as an important ecological model (Putz and 
Sharitz, 1991).  As a result of the Congaree and Wateree rivers periodic flooding, the 
Congaree forest hosts a diverse group of species of insects, birds, fish, amphibians, 
reptiles, and mammals.  The Park includes more than 27,000 acres of protected 
floodplain ecosystem, the largest remaining in the United States of an ecosystem which 
was commonly found throughout the southeast prior to the 19th century.   The forest 
hosts a huge diversity of plant life as well.  Many Champion Trees, which are the tallest 
of their species in either the state or nation, are located in the park.  These trees have 
been able to grow to this height as a result of the protection provided by the National 
Park status established in 1976 (National Parks Service, 2017).  The high canopy 
created by the expanses of pine, oak, and bald cypress trees throughout the park allows 
for the study of ecological succession of seedlings and sapling trees when one of these 
larger trees falls and dies (Zhao et al. 2006). 
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Figure 1.  A map of the Congaree National Forest (National Park Service, 2017). 
 
Because the Congaree National Forest remains largely undisturbed, it serves as an 
ideal model for studying ecological succession.  The lifecycle of vegetation and trees 
affects all other life in the forest, as the trees serve as a food source and habitat for 
many other life forms including plants, fungi, and animals.  Studies of Forest Dynamics 
have linked the biodiversity of the park to the lifecycle of the dominant trees of the forest 
(Allen and Sharitz, 1999).  
 
Hurricanes regularly form and make landfall in the Southeastern United States.  Some 
hurricanes are strong enough to create high wind speeds and rainfall as far inland as 
the Congaree National Forest.  In September 1989, Hurricane Hugo made landfall in 
South Carolina; and as it moved across the state, it reached the Congaree National 
Forest with maximum wind speeds of 155 km/h and 10cm of rainfall (Putz and Sharitz, 
1991).  This caused extensive tree damage throughout the park, severely or mortally 
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damaging 37% of trees in the park (Sharitz et al. 1993).  Longer term studies are also 
ongoing, following the ecological succession in the Congaree National Park after the 
damage caused by Hurricane Hugo.  Severe wind storms have been shown to 
restructure the Congaree Forest, but evidence is not clear about the effects on species 
diversity or enrichment (Zhao et al. 2006).   
 
This study focuses on the effects of Hurricane Matthew, which made landfall in South 
Carolina in October 2016.  Hurricane Matthew was the most severe hurricane to make 
landfall in South Carolina since Hurricane Hugo.  Although Matthew was not as severe 
as Hugo, it still produced extensive damage across the state.  The Congaree National 
Park experienced high wind speeds and precipitation as a result of the Hurricane.  In 
the park as much as 17.3cm of rainfall occurred along with wind speeds as high as 
74kmph  (National Weather Service, 2016). 
 
Figure 2.  These maps show the precipitation and peak wind gusts associated with 
Hurricane Matthew. (National Weather Service, 2016). 
 
Many of the effects of Hurricane Matthew in 2016 were similar to the impact of 
Hurricane Hugo in 1989.  This study focuses on the extent of tree fall throughout the 
5 
park, which will affect the forest dynamics and ecological succession, continuing the 
examination of the windstorm damage initiated with studies of the Hurricane Hugo 
damage.  This study also details the extent of damage to the trails of the National Park, 
which are managed and repaired by the National Park Service. 
 
METHODS 
In order to survey the tree damage from Hurricane Matthew, a belt-transect survey was 
used.  Similar to a line-transect survey, a belt-transect covers a larger area, which is 
helpful to detail the extent of tree damage in different areas of the park.  A 10 meter 
wide belt-transect was used with the trails through the park as the midpoint of the belt 
transect.  Because of the large area of the park, it was not possible to survey all areas.  
However, the trails served as a good area to complete a belt-transect survey, because 
they were located in various diverse areas of the park, giving a good representation of 
the whole area of the Congaree National Forest.  Three trails in particular were used to 
complete the belt transect survey:  the Sims Trail (1.8km), Weston Lake Loop (4.0km), 
and River Trail (8.9km).  These three trails were chosen, because each goes through 
unique areas of the park, which have different elevations, topography, vegetation, and 
species of trees.  The total belt-transect was along 14.7 km of trails.   
 
Only severely damaged trees were surveyed, including uprooted trees, trees with 
broken boles, or other mortally damaged trees.  Each damaged or fallen tree was 
measured using the Diameter at Breast Height, or DBH, which is taken at 140cm above 
the ground.  Saplings and seedlings <10cm tall were not counted in the survey. 
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The second component of the survey included the status of the trail.  Trees were noted 
if they were in one of three conditions: 
A:  The tree was across the trail but it was still easy to proceed along the path or 
over the tree. 
B:  The fallen tree was blocking the trail, making it very difficult to pass or making 
the hiker move far off of the trail to proceed. 
C:  The fallen tree was blocking the path, but it had already been cleared by the 
National Park Service Rangers.   
 
Photography was also included to detail the extent of treefall and trail damage in the 
park.   
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RESULTS 
Weston Lake Trail Belt-Transect Survey 
Figure 3.  This map outlines in red the path of the 4.0km Weston Lake Trail, which was 
included in the belt transect survey.  (Image:  National Park Service, 2017) 
 
8 
Weston Lake Loop Trail Tree Fall (4.0km) 
DBH 
(centimeters) 
Trail Status 
A - Across trail 
B - Blocking trail 
C - Cleared from trail 
38 B 
23 A 
18  
28  
132  
48  
46  
61  
28  
69  
36  
56 A 
84 B 
51 B 
9 
74  
13  
20  
79 A 
25  
28  
53 A 
30  
46 A 
89 A 
13 A 
25 A 
18 A 
64  
107  
97  
38  
10 
25  
25  
28  
64 A 
76 A 
36  
30 A 
33 A 
56 A 
61 A 
36 A 
58  
51 A 
79  
33 A 
33  
94 B 
11 
86 A 
94 B 
71 A 
30  
20  
91 A 
30 A 
Bridge C 
58 A 
94  
33 A 
56  
25  
58  
117 A 
28  
53 B 
12 
58 A 
48  
117  
41 B 
76  
58 A 
58  
28 B 
23 C 
53  
84  
25 B 
114 C 
48 C 
28 C 
Point B 
43 C 
13 
36 C 
Bridge A 
38  
74  
SUMMARY 
n 83 
Mean DBH 52.4 
Median DBH 48 
Figure 4.  This table includes the measurements of all fallen trees on the Weston Lake 
Loop belt-transect survey.  The trail status also notes if trees are across the trail (A), 
blocking the trail (B), or cleared from the trail (C).  Landmarks, such as bridges and trail 
markers, are also included through the transect.  The summary includes the sample 
size, n, mean DBH, and median DBH. 
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Sims Trail Belt-Transect Survey 
Figure 5.  This map outlines in red the path of the 1.8km Sims Trail, which was included 
in the belt transect survey.  (Image:  National Park Service, 2017) 
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Sims Trail Tree Fall 
DBH 
(centimeters) 
Trail Status 
A - Across trail 
B - Blocking trail 
C - Cleared from trail 
58 C 
46  
66  
61 C 
48 C 
61 C 
102 C 
91  
36 C 
38  
104  
84  
69 C 
41 C 
16 
30 C 
SUMMARY 
N 15 
Mean DBH 62.3 
Median DBH 61 
Figure 6.  This table includes the measurements of all fallen trees on the Sims Trail 
belt-transect survey.  The trail status also notes whether trees are across the trail, 
blocking the trail, or cleared from the trail.  The summary includes the sample size, n, 
mean DBH, and median DBH. 
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River Trail Belt-Transect Survey 
 
Figure 7.  This map outlines in red the path of the 8.9km River Trail, which was 
included in the belt transect survey.  (Image:  National Park Service, 2017) 
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River Trail Tree Fall 
DBH (centimeters) Trail Status 
A - Across trail 
B - Blocking trail 
C - Cleared from trail 
43 B 
51 B 
64 B 
89 B 
46 B 
Point E 
23   
89   
43 B 
180 A 
38   
86 A 
43 A 
20   
19 
107   
56 B 
58 B 
64 B 
Point F 
66   
23 B 
30   
58   
38 B 
53 B 
76 B 
46 A 
43   
51 A 
56 A 
76 B 
20 
81 B 
56 B 
48 B 
43 B 
71 B 
20 B 
89   
58 B 
89 B 
25 B 
43 A 
Branch 
64   
30   
74 A 
61   
33   
21 
56 A 
102   
41   
76 B 
51 B 
56 A 
41 A 
89   
102   
61   
25 B 
71   
71   
102   
18   
99 A 
28   
22 
102   
33   
64 A 
94 B 
53 B 
64 B 
79   
94 A 
94   
79   
64 A 
91   
66   
38   
89   
51 B 
86   
23 
66   
28   
89 B 
23   
20   
46 A 
41 A 
23 A 
38   
SUMMARY 
n 88 
Mean DBH 60.3 
Median DBH 57 
Figure 8.  This table includes the measurements of all fallen trees on the River Trail 
belt-transect survey.  The trail status also notes whether trees are across the trail, 
blocking the trail, or cleared from the trail.  Landmarks, such as bridges and trail 
markers, are also included through the transect.  The summary includes the sample 
size, n, mean DBH, and median DBH. 
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Trail 
Status 
Trail 
Name Range µ σ  
  Min Max   
A River 23 180 64.61 34.97 
B River 20 94 57.23 20.26 
 River 18 107 60.72 28.84 
C Sims 30 102 56.22 21.52 
 Sims 38 104 71.50 26.06 
A Weston 13 117 53.48 25.45 
B Weston 25 94 56.44 27.38 
C Weston 23 114 48.67 33.31 
 Weston 13 132 51.34 29.23 
 
     
      
Figure 9.  The boxplot and table summarize the results of the trail survey.   
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Photography 
 Photos were taken throughout the park to illustrate examples of tree fall, damage 
to trails, and some of the ecological succession occurring, including fungal and tree 
species.   
Treefall and Trail Damage 
 
Figure 10. This is an example of a tree fallen across the trail, noted with A in the 
survey.  It is located in the path of the trail but hikers can still proceed. 
 
26 
 
Figure 11.  This is an example of several trees uprooted and blocking the trail, noted 
with a B in the survey.  This makes it very difficult for hikers to proceed along the trail 
without moving far off the existing path.  This type of damage may be removed by the 
National Park Service in the future. 
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Figure 12.  This is an example of several trees that have been cleared from the trail by 
the National Park Service to allow hikers to proceed along the trail.  These trees are 
noted with a C in the survey. 
 
  
 
Figure 13.  This figure shows some of the cleanup effort on the trails in the park.  These 
are Americorp members working with the National Park Service to remove a limb from a 
tree damage in the hurricane winds, which was creating a safety hazard for hikers.  
Because this trail is in a wilderness area of the park, no power-equipment could be 
utilized.  This is the main reason that repair of the trails is so difficult in the wilderness 
areas of the National Park. 
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Figure 14.  This shows the blocked Boardwalk Trail in the park.  The National Park 
Service blocked these trails for the safety of hikers because they sustained extensive 
damage from fallen trees as a result of the hurricane.  It took many months to repair 
sections of the boardwalk and repairs are still ongoing by the National Park Service. 
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Ecological Succession 
 
 
Figure 15.  This is an example of the colonization of the fallen trees by Fungi.  Fungi, 
bacteria and xylophages are all important to the decomposition of fallen trees 
(Schowalter et. al, 1992). 
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Figure 16.  Patches of smaller trees that are 10-20m tall can be found throughout the 
park.  These are probably a result of large trees falling from Hurricane Hugo in 1989, 
allowing sunlight penetration and the succession of young seedlings.  These trees are 
significantly younger (20-30 years old) and shorter than the canopy, which has an 
average height of 30m. 
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DISCUSSION 
Evidence of damage from Hurricane Matthew was widespread through the park.   
Different areas of the park sustained various levels of wind damage, but the effects of 
the storm were still seen throughout the park.  Although the species of the fallen trees 
were not recorded in this study, the trends found in previous studies of hurricane 
damage were similar.  Oak (Quercus laurifolia and Q. phellos) were severely affected, 
while bald-cypress (Taxodium distichum) and water tupelo (Nyssa aquatica) were 
largely unaffected by the storm winds, very similar to the findings from the damage of 
Hurricane Hugo in 1989 (Sharitz et al. 1992).  It has been shown that tree species with 
shallow root systems are more prone to damage due to high winds (Francis and 
Gillespie, 1993).  It can be inferred that trees showing little or no damage such as the 
bald-cypress have stronger and deeper root networks than trees such as the oak 
species found in the park.  This could also be further studied by examining the root ball 
of trees uprooted from the storm.  The summary of the data collected from this survey is 
included in Figure 9 
 
The loss of large canopy trees as a result of the storm allowed the beginning of 
ecological succession.  Many of the fallen trees were colonized by fungi, bacteria, and 
xylophages (insects that contribute to the decomposition of fallen trees).  These 
decomposers are vital to the biogeochemical recycling of the forest, marking the 
beginning of ecological succession (Schowalter et al. 1992).  An example of fungal 
colonization can be seen in Figure 15.  Shade-intolerant species of trees are also able 
to grow in the absence of large canopy trees that have fallen due to wind damage.  
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These species growing up in the aftermath of the storm may increase the overall 
biodiversity and species richness of the storm (Zhao et al. 2006).  An example of trees 
growing in the absence of the normal large canopy trees can be seen in Figure 16.  
These are probably a result of damage to the large canopy trees from Hurricane Hugo 
in 1989, but it is expected that the tree damage to the large canopy trees caused by 
Hurricane Matthew will cause similar effects in ecological succession. 
 
There was extensive damage to the trails throughout the national park.  This was 
documented during the survey as well.  Trees were noted if they were on the trail but 
still passable by hikers (A), blocking the trail, making it difficult for hikers to pass (B), or 
cleared from the trail (C).  One of the main challenges faced by the National Park 
Service was repairing the boardwalk trails in the park, because several fell through the 
boardwalk during the storm, destroying it.  The boardwalk trails were closed for many 
months and continue to undergo repairs by the NPS as seen in Figure 14.  Many of the 
trees blocking the trail could be safety hazards to hikers visiting the National Park.  The 
NPS is working to improve the condition of the trails, and it has partnered with other 
organizations to help clear the trails.  Figure 13 shows Americorp members removing a 
hazardous limb that was broken during Hurricane Matthew.  It is very challenging to 
clear trees from Weston Lake Loop, River Trail, Kingsnake Trail, and Oakridge Trail 
because they are located in the designated Wilderness Areas of the National Park.  In 
the Wilderness Areas the NPS is not able to utilize any power equipment and may only 
use hand saws and tools to remove obstacles and improve the status of the trails 
(National Park Service, 2017).    
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